• New sun clock which maps each irregular solar cycle of activity onto a regular 10 timebase 11
the extremes of long-term geomagnetic indices such as the aa index [Mayaud, 1972 [Mayaud, , 1980 84 that is available over the last 151 years.
85

Constructing the Sun Clock
86
The daily sunspot number record provides an almost uninterrupted measure of solar 87 coronal activity since 1818 and is plotted in Figure 1 (a). We can see that both the ampli-88 tude and duration of each solar cycle varies from one cycle to the next. We will express 89 this time series S(t) in terms of a time-varying amplitude A(t) and phase φ(t) by obtaining 90 its analytic signal [Gabor, 1946; Boashash, 1992 ] A(t)exp[iφ(t)] such that the real part of 91 this signal is S(t) and the imaginary part is obtained such that A(t)exp[iφ(t)] = S(t) + iH(t) 92 where H(t) is the Hilbert transform of S(t). This is a standard approach that is used to test 
97
For a discrete signal such as the daily sunspot number analysed here, a discrete an-98 alytic signal can be constructed from the discrete Fourier transform of the original signal.
99
We have used a standard method [Marple, 1999] which satisfies both invertability and or-100 thogonality. While defined for an arbitrary time series, the analytic signal will only give 101 a physically meaningful decomposition of the original time series if that the instantaneous 102 frequency ω(t) = dφ(t)/dt remains positive [Boashash, 1992] . We therefore need to re- 
Confidential manuscript submitted to AGU Advances monly used as an indicator of the state of the corona. We overplot all individual records 251 of F10.7, the index is available since 1947 giving 6 overplotted solar cycles. This data 252 quantifies the relative occurrence likelihood of flares, and of severe space weather events, 253 in the quiet interval compared to the solar cycle as a whole and this is detailed in Table 1 .
254
On the 11 year normalized cycle shown in Figure 4 we indicate with a grey shaded 255 region the quiet interval of the cycle, that is centred on the average location of solar min-256 imum and demarcated by the pre-terminator (at −4.4 years) and terminator (at year zero) 257 as obtained from the sun clock (Figures 2 and 3) . The quiet interval clearly coincides with Program.
